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S-Megacycle RF Sensitivity for Long Duration Pulses
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C. Goode snd I. Kabik

ABSTRACT: The response of the Squib Mk 1 Mod O to S5-Megacycle constant
current (RIB) has been extended to long input times where the current
amplitude for firing reeches =z minimum ssymptotic value. For a current
amplitude of 374 milliamperes a pulse width of 155 milliseconds was found
necessary to obtain 50-percent fires. When the current was sllowed to
flow for approximately 10 seconds (essentially steady state) a lower
firing level of 308 milliamperes for SO-percent response was determined.
These valueg are consistent with previous data obtained at 5 megacycles
for shorter pulse times and also with DC constant current firing date.
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The work reported on here has been carried out as part of the Naval
Ordnance Leboratory's participation in the HERO (Hazards of Electromagnetic
Radistion to Ordnance) program supported by Tasks 506-925/56015/07040,
506-924 /56035/01073, and NOL-443. The objective of the HERO effort at

NOL is generally to cheracterize the response of electro-explosive devices
to electric and electro-magnetic energies. This report describes the
results of tests to determine the response of the Squib Mk 1 Mod O to
small amplitude, lorg time, constant-current (RMs) 5-megacycle pulses.

This work should be of interest not only to the HERO project but also the

broad field of electro-explosive device design, development, msnufacture,
and use.

W. D. COLEMAN
Captain, USN
Commander

() e

C.'d. ARONSON
by direction
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CHARACTERIZATION OF SQUIB MK 1 MOD O:
5-Megacycle RF Sensitivity for Long Duration Pulses

INTRODUCTION

As part of its task on the Hazards of Electromagnetic Radiation to
Ordnance (HERO) program, the Naval Ordnance Laboratory is determining the
response of the Mk 1 Mod O Squib to various electrical stimuli. One input
stimilus under 'nvestigation has been 5-megacycle constent-current (RMS)
pulses. The response of the squid to pulses at this frequency, ccmpared to
its response at DC, is of interest in assessing and predicting hazards from
commnication equipment.

Measurement of the response of the Mk, 61 Squid to 5-megacycle stimuli
hasg already been carried out and reported (1) by this Laboratory for current
levels of approximately 1, 2, 3, and 4 amperes. Data for lower amplitude
currents at 5 megacycles have not been obtained. It is a common observation
that there exists for each particular a lover firing current level delow
which the EED will not fire. This is an important perameter in character-
1zing the EED with respect to the safety in handling it. This report
descrides the vork carried out to obtain the response of the Mk 1 Squid at
lover amplitudes in order to better define its minimm firing current level
and to further establish the overall shape of the firing current-pulse width
relationship. The conclusion previously drewn--that there is no significant
difference betveen the response of the Mk 1 Squid to DC stimli and to
S-megacycle constantecurrent (FMS) stimili--is still valid for the love
amplitude long-durstion pulses.

The Apparatus. The S-megacycle constant-currert firing date previously
obtained and reported are summarized by Figure 1, and are shown to serve as
proper background for the sdditional data to be presented in this report.

It can be seen from Figure 1 that the previous data 4id not establish the
lover firing level, i.e¢., small axplitude large time inputs for the
S-megacycle frequency. The spparatus previously used, except for the
standard resistor, could not Le used for the present work because the pulse
time could not be extended deyond approximately 1 millisecond. Consequently,
different instrumentation had to be developed for the experiments of the
present work. fowever, the standard resistor, vhich was previously assembled
and calibrated with mich care, vas 8180 used in these present experiments.

(1) NevWeps Report 7309,"Characterization of Squib Mk 1 Mod O: S-Megacycle RF
Burst Sensitivity"”, 16 December 1960, L. Green and C. Goode.

1
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It was desired to establish two additional date points for the fe
S-megacycle constant-current (RMS) — pulse width relationship. One point 9'
vas desired at the lowest firing level (minimum current possible for 1n:r5nite1y
long invut times); the other point was desired between the lowest point "
esteblished in reference 1 (1 ampere) and this minimum firing level.

The apparatus assembled consisted bacically of a S-megacycle unit :
oscillator,* a power supply for the oscillator, and e ccaxial safety switch 1
to isolate the firing pulse from the squil in the firing chamber until it was
desired to deliver the firing pulse. In establishing the lower firing level, "
the spparatus was operated at CW. For the "in-between" point the apparatus 1
wvas modified to contain an RC pulse forming network to allow variation of the !
pulse width as desired. Figure 2 shows a block diegram of the apparatus used
including the two osciiloscopes which monitored the pulse amplitude and/or
pulse width. The basic monitoring was performed by observing the potential
drop across the standard resistor in series vwith the squidb to be fired. The
firing wvas at constant current htecause the imput impedance of the oscilletor
vas high (50 ohms) compared to the squid impedance. Variations in squid
impedance during the firing cycle (changes of ebout 30 to 4O percent of the
average l-ohm bridge resistance) were negligible in comparison to the 50 ohms
vhich acted as & current limiting ballast in the eircuit.

The dasic monitoring was necessary to obtain accurately the amplitude
of the current, and, for the "in-between" point, the pulse width, The
current amplitude during each firing vas set spproximately by eye by adjusting
the potential drop across the standard resistor. The final! current amplitude,
however, vas taken by reading with a comparstor the photograph of the CRO trace.

Monitoring of the potential drop across the .quid was also performed in
case it vas desired to calculate the change® in squid impedance and the energy
delivered to the squidb during the firing pulse.

The Experimental Procedure. ‘bz s for both points wera obtained
by the Bruceton stair-step procedure For the minimm current point the
"on-time"” of each pulse vas beld constant at 1C seconds and the current level
wvas edjusted in sc.cordance vith the Bruccton plan using arithmetic current

steps. Squibs vhich did not fire in the 10 seconds were taken to be et

®A General Radioc Model 12118 or equivalent.

(2) AMP Report 101.1R SR3-P No. b0, Statistical Analysis for e New Procedure
in Sensitivity Experiments, July 1944, See also W, J. Dixon and
F. J. Massey, "Introductioa to Statistical Analysis” (McOrev Rill Book
Co., Inc., New York, 1957).
2



NOLTR 61-24

equilibrium temperature-wise and therefore considered to be "no-fires".¥* It
was attempted to set the curvent steps 25 milliamperes apart. As explained
previously, the levels were set as best possible by eye using the potential
drop across the standard resistor. Later, from the photographic records the
actual setting was read by use of a comparator. The comparator readings for
each step (level) were then averaged to obtaln the best estimnte of the
numeric value of the level to bte used in the enalysis of the results. This
produced a non-uniform step size and, although the mean firing level computed
18 accurate, the standard deviation should not be used to compute any other
percent firing point.

The data point between the lowest level of reference 1 and the minimmm
firing current was obtained using & variable pulse wldth Bruceton test plan.
The current was set constant by eye at approximately 0.375 amperes. The
monitor was esgain used to obtain the best average of the constant-current
settings. This average turned out to be 0.374k amperes. The pulse width,
as previously expleined, was varied by the pulse forming network.

RESULTS AND COMNCLUSIONS

Tre date obtained in the fixed pulse length--veriable current test
(minimum £iring level) are chown in Figure 3. The averege minimum firing
current (SO-percent fires) was determined to be ©.308 milltamperes. This (3)
value compares well with the DC minimum firing current of 0.3 millienperes.
Becsuse the Mk 1 Squid does not have a normal distridbution of response to
energizing stimmlt (b) end because of the modificaticn needed to analyze the
experimsntal data indicated above, no attempt 18 waclde to prescribe o no-fire
lavel for S-megucycle energy sources.

The dats obteined in the fixed current-variable pulse width test are
shown in Mgure L. The mean aversge pulse vidth wes deterrined to be 155
mlliseconds for the 0.3T74-ampere fixed current level.

¥This is nct unreasonebla since the Mk 1 Squidb has a thermal time constant
of approximstely & miliiseconds. A tims of 10 seconds is thus equivalent
to 2%00 time coastents. .

{3) "Cartriage Actuated Device Igniter Handbook', /tlantic Research Corp.,
18 June 1958, (prepared under contrect FOrd 174%97)

{%) tiav''epe Report T3hT, "Charactsrization of the Squib ¥k 1 Moda O
Determination of the Statistical Model™, L. D. Hampton and J. . Ayres,
30 January 1961,
3
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308 milliamperes for S50-parcent response was
determined. Thes~ values are consistent with
previous data obtained at 5 megasycles for
shorter pulse times anl also with DC constant
current firing data.

Abstract card is unclassified

303 milliamperes for SC-percent response was
determined. These values are consistent with
previous data obtained at 5 megaoycles for
shorter pulse times and also with DC constant
current firing data.

Abstract card is unclassified

303 milliamperes for SO-percent responsc was
determined. Thess vulues are consistent with
previous data obtained at 5 megacycles for
shorter pulse times and also with DC constant
current firing data.

Abstract card is unclassified

308 milliamperes for S0~psrcent responsc was
determined. Thess values are consistent with
previous data obtainec at S megasysles for

shorter pulse times and also with DC constant
current firing data.

Abstract card is unclassified
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103 millimmperes for SC-percent responss was
determined, Thess values are consistent with
previous date obtained at 5 megacycles for
shorter pulse times and also with DG constant
current firing data,

Abstract card is unclassified

308 milliamperes for S0-perceat responss was
determined. Thess values are consistent witih
previous data obtained at 5 megacycles for
shorter pulse times and also with DC constant
current firing data.

Abstract card igs unclassified

308 milliamperes for SO-percent responsc was
determined. Thes~ values are cons.stent with
previous data obtained at 5 megacvelas for
shorter pulse times anl also with DC constant
current firing data.

Abstract card is unclassified

308 milliamperes for S0-percent response was
determined. These values are consistent with
previous data obtained at 5 megacycles for
shorter pulse times and also with DC constant
current firing data,

Abstract card is unclassified




